Objective: To estimate cross-sectional and long-term dietary sodium intakes and sources in Finland, and to evaluate the validity of 48-h recall to assess sodium intake. Design: Cross-sectional dietary surveys and food availability data (Food Balance Sheets). Setting: Dietary surveys were carried out in Finland in 1992, 1997 and 2002. Food availability data were collected from 1980 to 1999. Subjects: A stratified random sample was drawn from the population register. The total number of participants in the three dietary surveys was 6730. In the subsample for urine collection, the number of participants was 879. Interventions: Nutrient intakes were estimated on the basis of a 3-day food diary in 1992, a 24-h recall in 1997 and a 48-h recall in 2002. The 24-h urinary excretion of sodium was used to validate sodium intake. In addition, salt intake was estimated based on Food Balance Sheets. Results: Sodium intake has slowly decreased since the early 1980s. Reported daily sodium intake correlated significantly with sodium excretion. Conclusions: Sodium intake has decreased during the last two decades, but is still higher than the recommended daily intake. Sodium intake estimation based on dietary surveys and food availability data is a valid method provided that the food composition database is up to date and of good quality.
Introduction
High sodium intake increases the risk of cardiovascular disease and mortality (Intersalt Cooperative Research Group, 1988; Elliott et al., 1996; Tuomilehto et al., 2001) . Reduction in sodium intake has been shown to lower blood pressure significantly both in normotensives and hypertensives (He and MacGregor, 2002) . However, the public health benefit of lowering salt is even greater than the health effect mediated through blood pressure reduction, as the adverse effect of sodium is only partly mediated by blood pressure (Tobian and Hanlon, 1990; Perry and Beevers, 1992; Tuomilehto et al., 2001) .
Reliable dietary assessment methods for sodium intake are necessary for epidemiological studies. Even though urinary sodium is a good estimate of sodium intake, the collection of urine over a 24-h period is a laborious and demanding task in large population surveys. However, intake assessments of dietary sodium, although less laborious, hold methodological challenges of their own: it is difficult to accurately measure the salt used in cooking and at the table, and individual day-to-day variations in sodium intake are large (Dyer et al., 1997) .
Population studies have traditionally included urinary sodium analyses rather than estimates of dietary sodium because maintaining sodium content values in food composition databases requires considerable effort. In Finland, the national food composition database has included sodium content values since the early 1980s (Pietinen, 1982) . Based on this continuously updated database, dietary sodium intake has been estimated in population studies since 1992 (Kleemola et al., 1994; FINDIET Study Group, 1998; Mannisto et al., 2003) .
The objectives of this study were to analyse the crosssectional dietary sodium intake and sources of salt in a stratified random sample of Finnish adults in 2002 and to evaluate the validity of 48-h recall to assess sodium intake, using 24-h urinary sodium excretion as the reference. Changes in sodium intake from 1992 to 2002 as well as long-term trends based on food availability data from Food Balance Sheets are also presented.
Materials and methods

Subjects
Three cross-sectional population surveys, the national FINRISK surveys, were carried out in 1992, 1997 and 2002, assessing the risk factors of cardiovascular diseases (Vartiainen et al., 2000; Laatikainen et al., 2003) . For each survey, a random sample of persons aged 25-64 years stratified by sex, area and 10-year age groups was drawn from the population register. The surveys included a health examination at the local health care centre, and participants were asked to complete a questionnaire, which covered questions on, for example, socio-economic factors. In addition, each survey included a dietary survey carried out in a subsample (the FINDIET Study). In 1992, the FINDIET survey was carried out in North Karelia, the Kuopio area, Southwestern Finland (Turku and Loimaa region) and the Helsinki area (cities of Helsinki and Vantaa). In 1997 and 2002, the Oulu area was also included. The number of participants aged 25-64 years, participation rates and energy intakes are given in the Table 1 .
Intake assessment using dietary survey data Food and nutrient intakes were estimated on the basis of a 3-day food diary in 1992, a 24-h recall in 1997 and a 48-h recall in 2002 (Kleemola et al., 1994; FINDIET Study Group, 1998; Mannisto et al., 2003) . Trained nutritionists conducted the dietary recalls and entered the food diaries. Portion sizes were estimated using a picture booklet (Haapa et al., 1985) . Both dietary recalls in 1997 and in 2002 were validated by using the 3-day food diaries. The reported use of salt at the table was recorded during the recall, because the interviewer has possibility to ask additional questions concerning the use of table salt. In food diaries, the use of table salt was not reliably taken into account. The salt content of the homemade dishes was calculated by using the average recipes based on the most popular Finnish cookery books. In addition, recipes without added salt were available for most common homemade dishes (e.g. cooked potatoes). The Finnish food composition database (Fineli s ) was used for nutrient intake calculations (National Public Health Institute, 2002) . The sodium content of raw foods and manufactured foods, as well as the salt used in average recipes has regularly been updated in this database since the early 1980s (Pietinen, 1982; Varo, 1984; Ovaskainen et al., 1996) . The food composition database also contained low-salt or highsalt alternatives for most manufactured foods. The sodium intake calculation was based mostly on sodium chloride. Sodium values were converted from grams to moles by dividing the weight (g) of sodium by the molecular mass of sodium (23 g/mol). The contribution of food groups to salt intake was calculated on the basis of 48-h recall data in 2002. The national food grouping system used in the database is a modified version of the Eurocode 2 food grouping system (Ireland et al., 2002) .
Intake assessment using food availability data (Food Balance Sheets) Food Balance Sheets provide data about per capita food availability, which represents the quantity of food available to person. Salt intake trend and the sources of salt were calculated based on per capita food availability data from Food Balance Sheets in 1980 , 1991 -1999 (Agricultural Economics Research Institute, 1981 Pietinen, 1981; Agricultural Economics Research Institute, 1991; Valsta, 1992 ; Information Centre of the Ministry of Agriculture and Forestry, 1999, 2000) . The accuracy of the salt intake assessments was improved by using sales figures of particular food groups with different salt contents as well as salt content data obtained from the food industry. If the salt content of a type of food could not be obtained from the food industry, it was estimated using values of similar products or the values stated in the national Fineli s food composition database of the same time period. Intake data for added salt in households were obtained from the Household Budget Surveys (Statistics Finland, 1984 , 1993 Tennila, 2000) . The natural sodium contents of meat and milk products were also taken into account, using values from the Fineli s database. Most sodium values are based on sodium chloride content. Total salt intake was calculated by Table 1 Number of participants aged 25-64 years, participation rates and mean and 95% confidence interval for age-adjusted energy intake
1992 870 61 10.5 (10.3-10.7) 991 71 7.9 (7.7-8.0) 1997 1361 69 9.6 (9.4-9.8) 1501 76 6.9 (6.7-7.0) 2002 912 57 9.3 (9.1-9.5) 1095 69 6.7 (6.5-6.8)
Monitoring sodium intake in the Finnish diet H Reinivuo et al adding up the consumption data multiplied with the salt content (g/100 g food) data. The contribution of different food groups to the total salt intake was expressed as grams per day as well as percent contribution. All sodium was expressed as sodium chloride.
Assessment of urinary sodium excretion
In 2002, participants belonging to the dietary subsample in three of the six areas, North Karelia, Southwestern Finland and the Helsinki area, collected 24-h urine samples. Among this subsample of urine collecting participants (n ¼ 917), those whose 48-h recall interview was missing or not acceptable (n ¼ 30) were excluded from statistical analyses. In addition, participants with urinary creatinine levels of 5.0 mmol/day or less, and participants with urinary creatinine of 6.0 mmol/day or less together with a urine volume of less than 1000 ml were excluded from statistical analyses (n ¼ 8). Thus, the final number of participants was 879. The participants were instructed to collect urine for 24 h after the health examination, starting on Sunday morning, and to bring it to the local health centre on Monday morning. They were asked to report if the urine collection was incomplete. At the health centre, the urine volume was measured, the sample was carefully mixed, and an aliquot of 30 ml was taken. Aliquots were immediately frozen to À201C and were sent to the central laboratory. The sodium concentration was determined by direct ionselective electrode method. Measurements were performed with an Optima Clinical Chemistry Analyzer (Thermo Electron Oy, Vantaa, Finland). Total 24-h excretion was calculated by multiplying the measured concentration with the total urine volume.
Statistics
The means and 95% confidence intervals in the FINDIET Studies of 1992, 1997 and 2002 were age-adjusted to the European Standard Population (Waterhouse et al., 1976) . In the subsample for urine collection, means and standard deviations were calculated by area (adjusted for age), age (adjusted for area) and education (adjusted for age and area). Differences in mean intake were evaluated by analysis of variance. When analysis of variance indicated a difference among groups, the Bonferroni test was applied. Spearman's correlation was used to measure the strength of the relationship between 24-h sodium excretion and calculated daily sodium intake. The urinary to dietary sodium ratio (U-Na/ D-Na) was calculated from the mean values. T-test for dependent samples was used to test the differences in mean values between the dietary recall method and urinary measurements. Values of Po0.05 were considered to be statistically significant. All analyses were performed separately for men and women except where otherwise noted. The SAS statistical package was used for all statistical analyses (SAS Institute, 1999 .
Results
During the last decade, the mean daily sodium intake has slowly decreased in both men and women in Finland (Figures 1 and 2) . Between 1992 and 2002, dietary sodium intake decreased by about 15% (0.15 g) in men and by about 17% (0.17) in women.
In 2002, the mean daily sodium intake was 3.9 g (9.7 g salt) in men and 2.7 g (6.7 salt) in women belonging to the subsample for urine collection (Table 2 ). Both total sodium intake and sodium density (g/MJ) were significantly higher among men than among women (Po0.0001, P ¼ 0.0047, respectively). The difference in sodium density remained significant even when alcohol was excluded from energy calculations (P ¼ 0.0001). The mean 24-h sodium excretion was 3.7 g (9.4 g salt) in men and 2.9 g (7.3 g salt) in women; this too was significantly higher among men than among women (Po0.0001). The dietary sodium to potassium molar ratio was 1.7 in men and 1.5 in women, whereas the urinary sodium to potassium molar ratio was 2.0 in men and 1.9 in women. Both dietary and urinary sodium to potassium molar ratios were significantly higher among men than among women (Po0.0001, P ¼ 0.0020, respectively).
Dietary sodium intake and sodium density of the diet were highest among men in Eastern Finland (the North Karelia province, Po0.01). The difference in sodium density Men in the capital area had significantly lower sodium excretion compared to other areas (Po0.05). Among men, the dietary sodium to potassium molar ratio was highest in Eastern Finland (Po0.01), whereas no differences by area were found in the urinary sodium to potassium molar ratio. In women, no differences in sodium intake and excretion by area were found. There were no significant differences in dietary sodium intake and urinary sodium excretion by age (Table 2) . Women in the highest educational group had lower urinary sodium excretion (2.7 g/day) compared to the lowest educational group (3.0 g/day, P ¼ 0.0148), whereas no differences were seen in men. No differences in dietary sodium intake by educational group were seen.
There were no differences in the dietary sodium to dietary potassium ratio by education or age group. In women, the urinary sodium to potassium molar ratio was lowest in the highest educational group (Po0.01). No differences in the urinary sodium to potassium molar ratio by age or educational group were seen in men.
In men and women combined, the correlation coefficient between daily sodium intake and 24-h sodium excretion was 0.30 (statistically significant at Po0.0001). The corresponding correlation coefficients for men and women were 0.25 (Po0.0001) and 0.12 (Po0.0075), respectively. The urinary to dietary sodium ratio was 97% in men and 107% in women. A significant difference between calculated and urinary sodium was seen among women but not among men (Table 3) . Statistically significant differences between calculated and urinary sodium by area were seen among men in North Karelia (P ¼ 0.0019) and among women in Southwestern Finland (P ¼ 0.0119). The relationship between calculated and urinary sodium was also examined by arranging individuals into quartiles (Figure 3) . Intakes assessed by both methods increased with increases in sodium intake. A significant difference between methods was seen in the top quartile, where 48-h Differences between dietary intake and urinary excretion were analysed using the t-test for dependent samples. Data expressed as mean (s.d). NS ¼ not statistically significant; U-Na/D-Na, urinary to dietary sodium ratio. 1 mol Na ¼ 23 g Na ¼ 58 g NaCl, 1 mol K ¼ 39 g K.
recall underestimated the sodium intake. The variability of sodium intake during a week is shown in Figure 4 . No significant differences were seen between weekdays. Meat dishes and bread were the most important sources of salt (440% of intake) based on the national FINDIET survey of 2002 (Table 4) . Other important sources of salt in men were fish and sausage dishes and savoury baked goods, whereas in women other important sources were fish and vegetable dishes and savoury baked goods.
The major contributing food groups based on the Food Balance Sheets were sausage and meat products, bread and table salt used in households (44-60% of intake; Table 5 ). In 1997-1999, table salt used in households comprised 21% of the intake. Between 1980 and 1999, the total estimated daily per capita intake of salt decreased gradually by 13%, from 12.7 to 11.1 g.
Discussion
Salt intake in Finland has slowly decreased since the early 1980s. The same trend is seen whether estimated from Food 1980 1991 1997-1999 g/day % g/day % g/day % Balance Sheets, food consumption data from dietary surveys or urinary sodium excretion levels (Laatikainen et al., 2006) . However, salt intake is still higher than the daily intake recommended by national and international government organizations (5-6 g/day; National Nutrition Council, 1998; World Health Organization, 2003; Nordic Council of Ministers, 2004) . Efforts to decrease salt intake in the Finnish population started in the late 1970s, first as part of the North Karelia Salt Project from 1979 to 1982 (Tuomilehto et al., 1981; Nissinen et al., 1982; Pietinen et al., 1984) and then spreading to cover the whole country. Broad-based health education for the general population was aimed at increasing the knowledge of the level of salt intake, the harmful effects of high salt consumption and emphasizing the positive aspects of salt reduction. Practical advise for preparing less-salted foods was given and people were encouraged to demand less-salted products. In addition to health education for the general population, the initiative involved health care professionals, home economics teachers and catering personnel, who participated in training programmes as well as the food industry, which started to develop new low-salt food products in the early 1980s. Nowadays, cheeses containing as little as 0.4% of salt are available in the Finnish market.
By law, the sodium content of foods must be displayed on package labels. Before joining the European Union in 1995, salt was regarded as an additive and the use of salt was limited in certain foods, such as soups and sauces. Today, according to the EU regulations, salt is not classified as an additive, and the salt content is limited in baby foods only. Salt is still labelled, however, based on national regulations. Limits have been defined for the salt content admissible in reduced-salt and normally salted products. The regulations cover bread, sausages, cheeses, breakfast cereals and fish products. For example, bread containing 0.7% or less of salt is labelled as a reduced-salt product; the maximum salt level for normally salted bread is 1.3%.
The most important sources of sodium in the Finnish diet are meat products, meat dishes and bread, which are typical food items in Finland (Mannisto et al., 2003) . Meat products and bread are mainly manufactured foods, whose salt content is not under the consumer's control. The use of added salt in households is difficult to estimate from dietary recalls, because the food composition database includes standard recipes for Finnish dishes. According to the Food Balance Sheets, the table salt used in households comprises about 21% of the total sodium intake; about 70% of the intake derives from processed foods.
The decreased sodium intake during the last decade is partly explained by decreased energy intake ( Table 1) . The effect of different dietary assessment methods on the results was investigated in the validation studies in (FINDIET Study Group, 1998 Mannisto et al., 2003) . In 2002, energy intake was measured similarly by both methods, but in 1997 energy intake among women was underestimated.
Because energy intake has been shown to correlate with sodium intake (Pietinen, 1982) , the sodium intake among women in 1997 has probably been underestimated.
The observed correlation coefficient (r ¼ 0.30) between sodium estimated from 48-h dietary recall and a single 24-h urine measurement was relatively low, but is in agreement with other recent studies. In the INTERMAP study, which comprised 4680 participants, a correlation of 0.42 was reported between sodium calculated from four 24-h dietary recalls and two 24-h urine collections (Dennis et al., 2003) . In a study of 146 participants who kept two 7-day food diaries and collected from two to six 24-h urine samples, almost equal correlation (r ¼ 0.39) with the INTERMAP study was observed (McKeown et al., 2001) . However, in an earlier Finnish study (Pietinen, 1982) , a high correlation (r ¼ 0.61) between sodium estimated from 4-day food diaries and three 24-h urine samples was reported. In contrast to this previous study, in our study, urine samples were collected several days after the time the participants' dietary intakes were recorded and only one 24-h urine sample was collected. Despite of the fact that several 24-h urine samples are usually recommended (Liu et al., 1979; Schachter et al., 1980) , we were able to find a significant correlation between the dietary and urinary sodium measurement. In addition, no misclassification into quartiles of sodium intake and excretion occurred except for the top quartile, where the 48-h recall was shown to underestimate sodium intake.
Normally, more than 90% of dietary sodium is recovered in urine (Ovesen and Boeing, 2002) . Among women in our study, the reported dietary sodium values differed significantly from urinary measurements and the urinary to dietary sodium ratio was high (107%). This finding together with a lower correlation coefficient among women indicates that dietary sodium intake is underestimated among women. The underestimation of sodium intake might be owing to underreporting, day-to-day variation or the exclusion of added salt during cooking. In our study, most recall days were weekdays rather than weekends (Mannisto et al., 2003) , whereas urine samples were collected on Sundays. However, we were not able to show variability in sodium intake during the week. However, a day-to-day variation could not be completely excluded, because the 48-h recall did not cover any Fridays. Women were found to eat more on the weekend than on weekdays (Mannisto et al., 2003) , which may largely account for the higher sodium urinary excretion results. Also, in addition to sodium chloride, sodium is obtained from food additives, for example, baking powder and monosodium glutamate, which were not taken into account in these analyses. The average intake of glutamate has been shown to be very low (420 mg/day) in Finland (Katina, 1995) . The consumption of baked goods is larger among women than men (Mannisto et al., 2003) , a fact that may thus partly contribute to the higher urinary to dietary sodium ratio among women compared to men. Furthermore, underreporting is more common among women than among men (Hirvonen et al., 1997) .
In conclusion, although the golden standard is 24-h urinary analysis, calculating sodium intake from dietary recalls and diaries is a valid method provided that the food composition database is up to date and of good quality. Intake estimation based on Food Balance Sheets is also a useful method, as long as only rough estimates of sodium intake are needed.
